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1.0 INTRODUCTION

These test procedures describe laboratory studies proposed to investi-
gate ex situ methods to remove chromate, nitrate, and uranium from
contaminated Hanford Site groundwaters. Uranium is the major species
contributing to the elevated alpha levels. By removing the uranium, the alpha
Tevels will be significantly reduced at the uranium concentration found in the
100-HR-3 Groundwater Operable Unit. Also, if uranium is removed, the beta-
emitting daughters (thorium and protactinium) are also quickly removed, as
they have half-Tives of 24 days and 6 hours, respectively. Furthermore, all
subsequent daughters will be prevented. It is important to note that
technetium is not addressed because it has a drinking water limit
(5,000 pCi/L) higher than the levels found in most 100-HR-3 wells. Also,
because technetium exists as pertechnetate, there is a high probability that
1t will be removed in a serendipitous manner. The technologies to be
investigated, chemical precipitation or coprecipitation to remove chromate and
uranium and anion exchange to remove chromate, uranijum and nitrate, are
identified in the 100-HR-3 Groundwater Treatability Test Plan (DOE-RL 1992a).
Precipitation is not expected to remove nitrate from solution.

Precipitation-based removal of chromate (as well as associated metals
such as zinc, nickel, cadmium, and copper) from plating bath wastes has been
tested and implemented (Beller et al. 1989). The process utilizes sodium
sulfide and ferrous sulfate to first reduce chromate to chromate(IIl) and then
to coprecipitate the reduced chromate with the resulting ferric hydroxide/
ferric sulfide. The successful results of the implementation of this approach
corroborate Westinghouse Hanford Company (WHC) laboratory studies in which
sodium sulfide and ferrous sulfate were used separately in the reduction and
precipitation from solution of chromate (Thornton et al. 1991). The methed
proposed by Beller et al. (1989) will be tested for removal of chromate from
Hanford Site groundwater. The possible reduction/precipitation and retention
of uranium by this technique also may occur and will be tested. Removal of
uranium from Hanford Site groundwaters and wastewaters by ferric hydroxide
coprecipitation has been tested with promising results (Hodgson 1988).

Carrier precipitation of uranium by calcium hydrogen phosphate
(brushite) has been impTlemented in treating uranium fuel fabrication plant
waste solutions (Muller 1984). Thus, simple addition of disodium hydrogen
phosphate to precipitate brushite from the contained calcium ion naturally
present in the Hanford Site groundwater will be tested for its efficacy in
removing uranium. Experiments may show, however, that additional calcium ion,
introduced as calcium chloride solution to the groundwater, is required to
provide sufficient precipitate to carry uranium. The incidental removal of
chromate from solution by coprecipitation with brushite also will be checked.

The precipitation method(s) for chromate and uranium removal from the
groundwater may be used in conjunction with-a biodenitrification method for
nitrate removal. Thus, an important subsequent objective shall be the
successful integration of the proposed precipitation and biodenitrification
steps.

Strong-base anion exchange has been used in separate approaches to
remove chroamte from corrosion inhibition solutions used in water-cooled heat
exchange equipment and to remove nitrate from nitrate-polluted waters
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(Kirk-Othmer 1981a). Strong-base anion exchange also has been used
successfully in uranium milling operations (Benedict et al. 1981) as well as
to remove uranium from contaminated Hanford Site groundwaters (Delegard et al.

1986) .

In the proposed tests, three strong-base anion exchange resins will be
tested for their efficiency and capacity in removing the three contaminants
(chromate, uranium, and nitrate} from Hanford Site groundwater. Based on
these tests, one, or possibly two, of the resins will be evaluated further for
breakthrough capacity and regeneration characteristics. The three resins were
selected for these applications on the recommendations of the resin
manufacturers, Rohm and Haas Company and Dow Chemical Company.

2.0 SCOPE AND OBJECTIVES

These test procedures identify all tests to be performed and the
associated testing parameters, schedules, and data collection requirements.
Included are the experimental designs and general procedures to be used in
preparing the solutions and assembling the test apparatus and the types of
data to be recorded during the tests. Also identified are the organizations
responsible for the several tasks involved in this work and the locations
where the laboratory work will be performed. The objectives of the treatment
tests are summarized in Table 1 and in the treatibility test plan
(DOE-RL 1992a).

Table 1. Test Objectives.

Reduction/precipitation Determine physical conditions and
removal chemistry, and associated
sludge generation quantities;
determine reaction rates; determine
effects of feed variability and
presence of other contaminants;
determine sludge characteristics,
stabilization, and filtration
qualities; determine if biodenitri-
fication hinders precipitation or
reduction reactions; determine
co-removal of uranium

Ion exchange Determine pretreatment requirements;
determine resin(s) efficacy;
determine falloff in loading after
multiple cycles; determine resin
regeneration requirements, and waste
volumes and compositions
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3.0 REQUIREMENTS

The safety, quality assurance (QA), reporting, and equipment
requirements, as well as the project schedule, are provided in the following
sections.

3.1 SAFETY REQUIREMENTS

Laboratory personnel will comply with the WHC Chemical Hygiene Program
(WHC 1992) and other internal WHC industrial safety requirements. Special
safety requirements identified in this test plan are associated with the use
of solutions, solids, and labware containing solutions of chromate and
uranium. Handling of these materials will be conducted in fume hoods to
eliminate inhalation hazards. The operator will wear rubber gloves as
protection against absorption pathways through the skin.

Material Safety Data Sheets (MSDS) shall be used as a primary reference
during the handling of the chemical materials used in the tests. The MSDS
numbers for the chemical materials identified in the testing activities are
listed below.

Chemical MSDS No.
Sodium chromate ' 1486
Uranyl nitrate 2783
Sodium nitrate 1506
Ferrous sulfate 2871
Sodium sulfide 1512
Disodium hydrogen phosphate 1886
Sodium chloride | 1485
Sodium bicarbonate 1480
Calcium chloride 1087
Silver nitrate 1472

Resin MSDS No.
IRA-402", Rohm and Haas 13688
IRA-410%, Rohm and Haas 13538
Dowex 21K*™, Dow 10847

“A trademark of the Rohm and Haas Company.
A trademark of Dow Chemical Company.
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3.2 QUALITY ASSURANCE/QUALITY CONTROL AND DATA
RECORDING REQUIREMENTS

The activities undertaken in this test procedure shall be performed in
accordance with the quality assurance program plan for the processing and
analytical laboratories (WHC 1993). The quality assurance program plan is
written to ensure compliance with the U.S. Department of Energy (DOE),
Richland Operations Office (RL) requirements for environmental restoration
work (DOE-RL 1992b).

A1l data collected during the course of these testing activities shall
be recorded on approved data sheets or in controlled laboratory notebooks
issued through WHC Document Control. Data sheets shall be affixed into the
laboratory notebooks. These records shall be reviewed and approved by super-
visory personnel within the performing organizations in a timely manner and
shall be organized and stored under controlled conditions maintained by the
performing organizations. These records shall include identification of all
key measuring devices and associated calibration records. Chain-of-custody
records for samples and analytical records associated with samples also shall
be maintained and stored in a controlled manner. Data and sample control
activities shall be performed in accordance with QA requirements of the
performing organizations and in a manner appropriate for an Impact Level 3Q
developmental effort (i.e., in a manner consistent with standard laboratory
practices with QA review). These records shall be available for review by
representatives of the WHC Environmental Engineering Group.

Analyses of the chromium- , uranium- , and nitrate-containing solutions
utilized in this work shall be obtained through WHC analytical laboratories to
verify the concentrations of chromium, uranium, and nitrate being used and to
check the stability of the solutions. A sample of the Hanford groundwater
used in these experiments shall also be analyzed for all cations by
inductively coupled plasma spectrometry (ICP) and for anions by ion
chromatography (IC), total organic carbon {TOC), and total inorganic carbon
(TIC), which is carbonate, uranium, chromate, and pH. NOTE: The schedule for
testing and the availability of the laboratory for analyses (predicated on
existing schedules) may require tests to be performed at the laboratory that
has the capacity. A1l QA/QC for any analyses will be identical for each
laboratory at which the analyses are performed.

The reference numbers for the procedures used for chemical analyses are
presented in Table 2. As these analyses may be performed at either the 222-S
or PUREX laboratories, method numbers for both laboratories are given where
appropriate. The methods listed in Table 2 will also give values for calcium,
magnesium, carbonate, hardness, dissolved solids, and those tests conducive to
standard water analyses.
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Table 2. Chemical Analyses.

: Minimum Performgnce
Analyte(s) Method Title Detection Level
Limit eve
Cations LA-505-151 ICP Emission Spectrometer Method for 50 ppb 100 ppb Cr(vI)
(ICP) Trace Element Analysis of water and
Waste
Total LA-505-151 ICP Emission Spectrometer Method for 50 ppb 100 ppb Cr(vl)
chromium LA-505-241 Trace Element Analysis of water and
waste
Chromium LA-265-101 Spectrophotometric determination of 25 ppb 80 ppb Cr¢vI)
(vI) crivl)
Anion (1C) LA-533-105 | Anion analysis on Dionex Model 4000i° 10,000 ppb 45,000 ppb
LA-533-201 nitrate
Nitrate LA-533-105 Anfon analysis on Dionex Model 40003 10,000 ppb 45,000 ppb
LA-533-201 nitrate
tranium LA-925-106 Determination of uranium by laser 1 ppb 15 pCi/L gross
fluorimetry uranium alpha =d22 ppb
uranium
Total LA-344-105 Determination of carbon in solutions N/A N/A
organic by combustion and coulometry
carbon
Total LA-622-102 | Determination of carbonate/carbon or N/A N/A
inorganic total organic carbon in solutions by
carbon coul ometry
Total atpha LA-508-101 Alpha and beta in liquid sample 5 pCi/L 15 pCi/L gross
and total gross alpha, alpha
beta +/-50%; 40 pCi/L gross
10 pCisL beta
gross beta,
+/-50%
pH LA-212-102 | Determination of pH direct measurement N/A N/A

IC = ion chromatography.
ICP = inductively coupled plasma spectrometry.
N/A = not applicable.

The precision and accuracy goals for all analyses will be 25% relative percent difference
and 75% to 125% recovery, respectively. Representativeness is addressed by using solutions that have
concentrations that are similar to either regulatory performance levels or contamination levels found
in 100 Area groundwaters. Comparability of the data generated will be discussed, where appropriate,
in the final report.

atues from DOE (1992a}.
trademark of the Dionex Corporation.
Based on natural uranium.

[

3.3 REPORTING REQUIREMENTS

Original or high-quality copies of all records generated during the
testing activities shall be assembled as a project data file by the performing
organization, the WHC Process Chemistry Laboratory (PCL). These data packages
shall be transmitted to the WHC Environmental Engineering Group and shall be
accompanied by letter reports describing the work performed. The results and
conclusions obtained from the activities described in this test procedure
shall be compiled and documented in a project report coauthored by representa-
tives of the WHC Environmental Engineering Group and PCL. This report shall
be completed and delivered to WHC management by September 2, 1993.
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3.4 SCHEDULE

The schedule for these tasks has been defined in the treatability test
plan (DOE-RL 1992a). The points in the schedule pertaining to the laboratory
activities defined in this test procedure are summarized in Appendix A.

3.5 EQUIPMENT

Ordinary laboratory equipment will be used, which includes but is not
limited to centrifuges, stirrers, ion exchange columns, pumps, centrifuge
tubes, and pipetters.

4.0 PROCEDURE OVERVIEW

4.1 TREATMENT PARAMETER SELECTIONS

The goal of the tests described in this test procedure is to determine
the efficacy of precipitation-based techniques in the removal of chromium and
uranium and the efficacy of anion exchange in the removal of chromium,
uranium, and nitrate from Hanford Site groundwater. Steps involved in these
activities include the following.

Precipitation Tests

1. Collect uncontaminated Hanford Site groundwater and analyze
for the analytes listed in Table 2 (except gross alpha and
gross beta) '

2. Spike chromate, uranium, and nitrate into the uncontaminated
groundwater, and mix thoroughly, in varying concentrations
according to the statistical plan (Section 4.2)

3. Aliquot spiked groundwater and introduce precipitation
agents, noting temperature

4. Mix treated groundwater samples thordughly

5. Collect, filter, and analyze groundwater samples for
chromate, total chromium, nitrate, and uranium, and analyze
filter cake for volume and percent water

6. Integrate and interpret results and select most effective
precipitation agent

7. Treat fully spiked groundwater with selected precipitation
agent; collect, filter, and analyze groundwater samples for
chromate, total chromium, nitrate, and uranium as a function
of time; and analyze filter cake for volume and percent
water

8. Integrate and interpret results.
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Anion Exchange Tests

1.

10.

Coltect uncontaminated Hanford Site groundwater and analyze
for the analytes listed in Table 2 (except for gross alpha
and gross beta) '

Spike chromate, uranjum, and nitrate into the uncontaminated
groundwater in varying concentrations, and mix thoroughly
according to the statistical plan

Condition resins to chloride form using sodium chloride
solution

Aliquot spiked groundwater and introduce conditioned resins
Agitate groundwater/resin samples thoroughly for 30 min
Centrifuge groundwater/resin mixture, collect supernatant
solution, and analyze groundwater samples for chromate,

total chromium, uranium, and nitrate

Integrate and interpret results and select most effective
resin

Perform breakthrough test on setected resin by pumping
fully spiked groundwater through a resin column and
collecting, filtering, and analyzing effluent groundwater
samples as a function of throughput volume

Perform load/elute cycling tests of selected resin to
monitor resin stability

Integrate and interpret results.

4.2 CONFIRMATORY TESTING

Following the precipitation and anion exchange tests previously
described, confirmatory tests will be run using contaminated groundwaters
obtained from wells 199-D5-15 (high chromium and low nitrate and
radionuclides), 199-H4-4 (high nitrate and radionuclides but low chromium),
199-H4-12 (Tow nitrate, chromium, and radionuclide contamination), and
199-H4-12A (high in nitrate, gross alpha and beta, low in chrome). These
waters have been specified for testing (DOE-RL 1992a) and will be examined
using the following:

Selected precipitating agents
Anion exchange resins

Treatment conditions delineated in the following sections.
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The confirmatory testing will also include the following:

. The use of groundwater after the biodenitrification tests and/or
by the kinetics (precipitation or breakthrough ion exchange) tests

. Sulfate analysis

. Gross alpha and gross beta analyses (these require Targe volumes
that are only available during the confirmatory testing)

. pH before and after treatment regimes

. Gravity settling test (for flocculation basin parameters).

4.3 RESPONSIBILITIES

The WHC Environmental Engineering Group shall be responsible for project
management activities and for step 1 in both precipitation and anion exchange
tests. The WHC Environmental Engineering Group shall also be jointly
responsible with the WHC PCL in the integration and interpretation of results
(steps 6 and 8 in the precipitation tests and steps 7 and 10 in the anion
exchange tests). Personnel in the WHC PCL shall perform the experimentation
and shall submit the samples to the WHC analytical Taboratories for analysis.

Personnel safety must be considered in handling the moderately hazardous
materials involved in these tests. Protective rubber gloves shall be worn
whenever working with chromium- or uranjum-bearing materials or equipment.

Any experimentation involving chromium or uranium must be conducted in a hood.
A1l laboratory tests will be conducted at the 222-S Taboratory. Analytical
work will be conducted at 222-S/202-A (PUREX) laboratories.

4.4 PREPARATION OF SPIKED HANFORD SITE GROUNDWATER

Artificially contaminated Hanford Site groundwater shall be prepared by
spiking uncontaminated Hanford Site groundwater with solutions containing
sodium chromate, uranyl nitrate, and sodium nitrate. The well identified for
this is H3-2C because it lacked contamination (therefore, known spikes are
able to be added) and the well resides in the 100-H Area. The concentrations
of spike contaminant in the test groundwaters are given in Table 3.

The spiked groundwaters will be used in both the precipitation and anion
exchange tests. For both sets of tests, two-Tevel, full-factorial experimen-
tal designs will be performed in which chromate, uranium, and nitrate
concentrations are the test factors run at high and low values. Thus, 2 x 2 x
2 = 8 different solution compositions will be prepared and used as separate
samples (i.e., no compositing).

The high spike Tevel is set to include all credible levels of uranium
and to provide a separation of contamination levels, thus allowing effects to
be determined more clearly.
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Tahle 3. Concentrations of Spike Contaminants in the Test Solutions.

) Concentration (ppb)
Solution number - -

Chromate Uranium Nitrate
1 2,000 800 200,000
2 2,000 800 2,000
3 2,000 40 200,000
4 2,000 40 2,000
5 50 800 200,000
6 50 800 2,000
7 50 40 200,000
8 50 40 2,000

The Towest concentrations of chromium and uranium in these spiked
groundwater solutions are values near the maximum contaminant level (MCL) for
those species. The lowest value for nitrate was chosen to reflect a trace
value for nitrate. The MCL for nitrate in drinking water is 45,000 ppb. This
concentration is equivalent to about 0.73 mmoi/L and is comparable with the
concentrations of the anionic species naturally occurring in the Hanford Site
groundwater: bicarbonate (2 mmol/L), chloride (0.1 mmol/L), and sulfate
(0.1 mmol/L). Therefore, nitrate at the 45,000-ppb MCL level cannot be
considered a chemically trace constituent in the groundwater, whereas chromate
and uranium at their respective MCL levels can.

To assess accurately the effects of nitrate on chromate and uranium
treatment tests as well as not overwhelm the groundwater chemistry, the lower
level of nitrate was selected to be, at 2,000 ppb, substantially lower than
the MCL. The reason for selecting such a Tow concentration of nitrate is to
determine its effect on the removal of other ions--2,000 ppb is for
consistency. The upper level of 800 ppb of uranium will add approximately
400 ppb nitrate as it is added as urany! nitrate. The selected upper
concentration, 200,000 ppb, is representative of many contaminated Hanford
Site groundwaters.

It is noted that incidental nitrate will be admitted by using uranyl
nitrate as the uranium spike. The quantity of sodium nitrate added to the
test solutions will be adjusted appropriately to compensate for the
concentrations of nitrate introduced in this way.

4.5 PRECIPITATION TESTS

The precipitation tests will be undertaken using two candidate
precipitating agents: a combined ferrous sulfate and sodium sulfide treatment
and a disodium hydrogen phosphate treatment. The initial tests will be
conducted in duplicate (two for each solution/precipitation agent combination)
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on the test solutions described in Table 3 and in centrifuge vials at about 10
to 20 mL solution volume per vial. The reason for the small sample volumes is
due to the fact that laboratory-scale testing of radioactive substances is
limited by the amount of hood space available. Larger sample volumes would
require much greater hood space than is currently available. Following
introduction of the precipitating agent, a 30-min contact time is suggested
during which glass-covered stirbar agitation will be used. After the 30-min
contact, the suspensions will be centrifuged in the centrifuge vials and the
volume and percent water of settled solids noted. A sample of the supernatant
solution will be drawn via syringe and filtration accomplished using syringe
filters. These filters are made of cellulose or cellulose acetate and have
nominal 0.45 um pore size. Tests to determine filter adsorption of
contaminants will be performed to demonstrate that the precipitating agents
and not the filter are responsible for the reduction of the contamination.

The filtrates will be analyzed spectrophotometrically for chromate
concentration using the diphenylcarbazide reagent. The concentrations of
total chromium will be determined by ICP spectrometry and uranium concentra-
tion determined by laser fluorimetry, while nitrate concentrations will be
determined by IC. These determinations will be performed by WHC analytical
laboratory personnel.

Precipitation kinetics tests will be conducted in a similar experimental
manner. In the kinetics test, solution number 1 (Table 3) will be treated
with the selected precipitating agent(s) and stirbar agitation commenced.
Aliquots will be drawn and filtered periodically at contact times as low as
1 min and as long as 24 h. Chemical analyses shall be conducted as described
for the initial tests. Reduction of chromate by the ferrous sulfate and
sodium sulfide treatment is expected to be rapid. The immediate
spectrophotometric analysis for chromate therefore is imperative.

Duplicate precipitation kinetic tests will also be performed with the
selected precipitation agent(s) on contaminated groundwater pretreated by a
biodenitrification procedure. The tests will be identical to those conducted
on solution number 1.

As to the parameter of temperature, this will not be a controlled
parameter. The temperature of the solutions will be recorded as the tests
proceed. According to previous work, chromium precipitation is not
significantly effected by temperature (Wikoff et al. 1988).

4.5.1 Ferrous Sulfate - Sodium Sulfide

The ferrous sulfate and sodium sulfide treatment is an evolution of a
standard method used earlier for treating chromate-contaminated waters. The
standard approach employs sulfuric acid acidification and ferrous sulfate
reduction followed by Time neutralization and precipitation. This approach is
reviewed by Wikoff et al. (1988).

Based on the experience of Beller et al. (1989) and the related work
reported by Wikoff et al. (1988), the stepwise introduction of sodium sulfide
solution at about 12 mg of sulfide per liter followed by ferrous sulfate at
about 10 mg of ferrous iron will be performed for Hanford Site groundwaters.
This choice of reagent concentration follows Wikoff et al. (1988) studies of
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streams, which most closely resemble the Hanford Site groundwaters. According
to these studies, the ferrous and sulfide ions act both as reductants of
chromium(VI) as CrO and as coprecipitants, with the ferric iron, of the
resulting chrom1um(111) ion. The reversible reaction

Fe?* = Fe** + ¢ (1)

also is thought to act as an electron shuttle (catalyst) between the chromate
being reduced and the sulfide being oxidized.

The studies of Beller et al. (1989) and Wikoff et al. (1988) were
undertaken with an eye towards application to an existing facility that relied
on removal of the metal precipitates by gravity settling. Thus, addition of
an anionic flocculent was studied, and ultimately was implemented, as a means
to coagulate the extremely fine and slowly settling sulfide and hydroxide
precipitates. For the wastewater compositions studied by Wikoff et al. (1988)
closest to the compositions of the Hanford groundwaters, Betz 1120° (a
trademark of Betz Industrial) was found to be the most effective, of the 20 or
so flocculating agents tested, in coagulating the product floc.

Crossflow membrane filtration, however, has been successfully demon-
strated in the removal of ferric hydroxide precipitants, without surfactants
or flocculating agents, from Hanford Site groundwater and low-level wastewater
streams (Hodgson 1988). In the design of an ex situ groundwater treatment
process, an active solids-removal step such as crossflow filtration is
required to achieve a high assurance of contaminant removal under operating
conditions. For this reason, surfactant addition will not be investigated in
the experimental program outlined here unless tests show adequate filtration
performance is not achievable with the simple ferrous sulfate-sodium sulfide
treatment. In that case, further investigations may be conducted to select a
suitable flocculating agent.

4.5.2 Disodium Hydrogen Phosphate

The disodium hydrogen phosphate treatment has been used in the removal
of uranium from process waste solutions from a fuel element fabrication plant
in Germany (Muller 1984). The uranium concentrations evaluated in that study
ranged from zero to 0.18 g of uranium per liter (for ammonium uranyl carbonate
filtrate). The goal of the German treatment tests was to reduce the uranium
activity to <370 Bq/L (equivalent to 10 pCi/L or 0.028 g/L). Treated
ammonium uranyl carbonate filtrates were reduced to as low as 900 pg of
uranium per liter.

The goal of the present tests is to reduce the uranium concentration to
<15 pCi/L (approximately 22 pg of uranium per liter). Laboratory studies of
uranium removal from Hanford groundwater using brushite coprecipitation showed
concentrations as low as 100 ug of uranium per liter could be obtained, while
phosphate treatment of dilute acidic uranium-bearing wastewaters contact1ng
Hanford sediment yielded uranium solution concentrations <1 pg of uranium per
liter (Appendixes B and C).

Scouting tests will be conducted in which test solution number 1
described in Table 3 will be treated with a volume of disodium hydrogen
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phosphate solution equivatent in molar quantity to the calcium available in
the groundwater aliquot. Supplemental addition of calcium chloride solution,
with equivalent additional disodium hydrogen phosphate solution, may be
necessary to achieve satisfactory uranium and chromium decontamination.
Therefore, scouting tests using solution number 1 will be conducted to
determine what level of supplemental calcium chloride and disodium hydrogen
phosphate addition, if any, is required. Following the scouting tests, and if
the test results are judged to be promising, the statistically designed
initial tests and the kinetics tests will be conducted.

4.6 ANION EXCHANGE TESTS

Strong-base anion exchange removal of the targeted groundwater
contaminants (nitrate, chromium, and uranium) has been demonstrated, although
not simultaneously. The technical literature regarding removal of uranium
from carbonate solutions used in the dissolution of uranium values from
in-place ores [in situ leaching, Bibler (1989)], excavated ores [ex situ
leaching, Benedict et al. (1981) and Kirk-Othmer (1981b)], as well as in the
remediation of groundwaters [Delegard et al. (1986) and Lee and Bondietti
(1983)] is particularly prominent. The high affinity of the uranium species
present in the Hanford groundwaters, the uranyl carbonates (as carbonato
complexes), for strong-base anion exchange resins is the key to the potential
success of this approach.

Less wel] documented is the use of strong-base anion exchange in the
removal of chromate and nitrate from contaminated waters. Treatment of
municipal-supply contaminated well-water via anion exchange has been
implemented to reduce nitrate concentrations to <23 mg of nitrate per liter
(Sheinker and Codoluto 1977). The goal in the present treatment tests is
45 mg of nitrate per 1iter. The removal of chromium from corrosion inhibitor
solutions used to condition water-cooled heat exchanger equipment has been
implemented. Again, strong-base anion exchange has been the method of choice
(Kirk-Othmer 1981a).

4.6.1 Experimental Approach

Based on conversations with technical representatives of the resin
manufacturers (Rohm and Haas Company and Dow Chemical Company) concerning the
particular application addressed in this test plan, three resins were selected
for investigation, Two resins were recommended by Rohm and Haas (1990);
Amberlite IRA-402° and IRA-410°. Both of these resins are conventional
spherically shaped gel-type resins. Dow Chemical Company recommended
Dowex 21K®, also a gel-type resin.

The other principal physical form is the macroporous or macroreticular
resins. The macroreticular resins have numerous pores throughout the resin
particle effectively reducing the length of the solute diffusion path and thus
increasing sorption/desorption rates compared to the conventional gel resins.
Although not as physically rugged or kinetically fast as macroreticular
resins, gel resins have higher exchange capacity and are less expensive.

A1l three resins selected for study are styrene-divinylbenzene copolymer
matrices with quaternary ammonium functional (exchange) groups. The Amberlite
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IRA-402° and Dowex 21K® are Type I resins with benzyl-trimethylamine function-
alities; the Amberlite IRA-410° is a Type II resin with benzyl-dimethylethan-
olamine functionality. The Type II anion resin has slightly lower basicity
than the Type I resin and requires less regenerant.

Before use, the test resins must be conditioned with an appropriate
regenerant salt. In ion exchange, the ion(s) to be removed from solution will
be exchanged for jons loaded on the resin. The exchange equilibrium is shown
in the following reaction:

RZ'X™ + C w RZ'C" + X (2)

where Rz" is the resin polymer, X~ is the anion of the regenerant salt, and C
is the contaminant anion. The anion of the regenerant salt must be environ-
mentally acceptable for discharge to the groundwater (preferably already
present as a noncontaminant in the groundwater) and be chemically compatible
with the influent groundwater so that unwanted precipitation reactions do not
occur in the column and cause hydraulic plugging. The salt itself must have
high solubility to be an effective eluting agent for the contaminant-loaded
column.

Sodium chloride and sodium carbonate are recommended (Dow 1988) for the
regeneration of anion exchange columns used in uranium recovery operations.
For application to the present studies, sodium chloride fulfills the criteria
of being environmentally benign, present naturally in the Hanford groundwater,
and having high solubility for use as an eluant. The chloride ion will not
react with species in the Hanford groundwater to cause an unwanted
precipitation reaction in the column. Free carbonate (from the sodium
carbonate), however, may precipitate calcium carbonate in the column.
Therefore, resin conditioning and regeneration by use of 4M sodium chloride
solution will be used in these tests.

Three sets of experiments are planned to evaluate the performance of the
three resins for removal. The three sets of experiments are batch contact
tests, breakthrough capacity column tests, and load/elute cycling tests.

The effluent solutions will be analyzed spectrophotometrically for
chromate concentration using the diphenylcarbazide reagent. The
concentrations of total chromium will be determined by ICP spectrometry. The
nitrate concentration will be determined by IC. The uranium concentration
will be determined by laser fluorimetry. These determinations will be
performed by WHC analytical laboratory personnel.

After the best resin is selected, confirmatbry tests (using the
breakthrough column method) will be conducted on actual contaminated (both
biodenitrification treated and untreated) Hanford Site groundwater.

4.6.2 Batch Contact Tests
Batch resin/solution contact tests will be run for each test solution

described in Table 3 with each of the three candidate resins. Two experiments
at 5 and 25 mL/g solution/wet conditioned resin ratio will be run for each

13
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test solution/resin combination. The selection of 5 and 25 mL/g are chosen so
that two points will be sufficiently separated on a log-log plot (Freundlich
plots) and will therefore generate the required line to calculate percent
breakthrough. Contact times will be 30 min. Following contact, the mixtures
will be centrifuged and the solutions analyzed for chromium, total chromium,
nitrate, and uranium.

Solute adsorption onto ion exchange resins generally follows the
Freundlich adsorption isotherm:

y = kC° (3)

where y is the quantity of solute adsorbed per mass of resin, C is the con-
centration of solute remaining in solution, and k and n are constants. The
quantity of -the solute species on the resin is determined by difference
between the quantities of solute found in the solution before and after resin
contact. By taking logarithms of equation (3), the following equation is
obtained:

log(y) = Tog(k) + n log(C) (4)

Therefore, plotting of log(y) on the y-axis versus log(C) on the x-axis will
yield a straight Tine of slope n and a y-intercept of log(k). More
importantly, by using this relationship, the resin loading at 100%
breakthrough (where effluent concentration equals influent concentration) can
be predicted and the capacity of the resin, in terms of throughput column
volumes, calculated.

The experimental design allows four Freundlich plots to be made for each
contaminant of interest. The four plots correspond to the four different
concentration combinations of the remaining two contaminants. The solution
number combinations for the four Freundlich plots for each contaminant are
shown in Table 4. Because two different solution-to-resin ratios are used
(5 mL/g and 25 mL/g), four well-spaced points will be obtained for each log-
log Freundlich plot.

The projected contaminant breakthrough capacities found for each resin
and cocontaminant level will be calculated and compared. Based on the results
of the batch tests, one {or perhaps two) resin(s) will be selected for
breakthrough capacity column tests and load/elute tests.

4.6.3 Breakthrough Capacity Column Tests

Using test solution number 1 from Table 3, breakthrough capacity tests
will be conducted for the resin(s) of interest. Solution 1 is chosen because
it presents the highest loading for the columns. Columns having approximate
1-cm diameter and 5-cm length of resin will be prepared in the chloride form.
The quantity of wet resin introduced to the column will be determined by
weighing and the diameter and length of the resin bed measured.
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TabTle 4. Solution Numbers to be Used in Freundlich Plots.

) Contaminant concentration (ppb) Solution
Contaminant Chromate Uranium Nitrate numbers®
Chromate - 800 200,000 1&5

-- 800 2,000 246

-- 40 200,000 347

- 40 2,000 4 58

Uranium 2,000 -- 200,000 1&3
2,000 -- 2,000 2 44

50 -- 200,000 5&7

50 -- 2,000 6 &8

Nitrate 2,000 800 - 1 &2
2,000 40 -- 3%4

50 800 -- 5&6

50 40 -- 748

®Solution number and concentrations from Table 3. Note that
two different solutions are referenced and, therefore, the con-
centration of the contaminant whose value is different for the two
solutions is not Tisted here.

Using a metering pump, test solution number 1 will be introduced to the
resin column upflow (i.e., from the bottom up) at the rate of about 60 mL/h.
This loading rate corresponds to about 16 bed volumes (column volumes) per
hour at the resin column dimensions described and is typical in ion exchange
application. Effluent samples will be collected periodically, as described
below, and the solutions analyzed for chromate, total chromium, uranium, and
nitrate. The breakthrough of the contaminants will be monitored via the
analytical results.

The breakthrough tests will be run until the volume passed through the
column is 120% of the breakthrough capacity of the contaminant having the
highest predicted breakthrough capacity. A breakthrough of 120% will render
the effluent concentration equal to the influent concentration. Breakthrough
is achieved when the column is exhausted and the influent solution migrates
through the column without loss of contaminant. A value of 120% ensures that
breakthrough has been achieved. From 15 to 20 column effluent samples will be
collected for analysis at points approximately evenly spaced in the
breakthrough test column loading.
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The volume of solution corresponding to 120% breakthrough for each of
the three contaminants is predicted via the Freundlich isotherm results from
the batch contact tests described in Section 4.6.2. The breakthrough capacity
for each contaminant at the test solution 1 composition is predicted by the
Freundlich isotherm plots of the following batch test results:

Contaminant Sclution Numbers
Chromate 1+5
Uranium 1+3
Nitrate 1+2

At equal contaminant concentrations, the affinity of the four contami-
nant species for the resin is expected to increase in the order (uranium
exists in the carbonate form in Hanford Site groundwaters):

NO;™ < Cr0,Z < U,(C05),% < U0,(€05)5* (5)

However, in test solution 1, the concentration of nitrate dominates the
concentrations of the chromate and uranium species and thus will compete
strongly for exchange sites on the resin despite its lTower affinity for ion
exchange sites. Solution 1 therefore is the solution presenting the most
difficult test for the ion exchange system. Sulfate ion present naturally in
the water also may compete.

Breakthrough tests will also be performed with contaminated groundwater
[treated by a biodenitrification process under deve]opment at Pacific
Northwest Laboratory (PNL)].

4.6.4 Load/Elute Cycling Tests

To test the resilience of the selected resin for in-process use,
repeated (at least 10 cycles of) loading and eluting of the resin will be
performed. Solution number 1, described in Table 3, will be the solution used
in the cycling tests. Solution 1 is chosen because it presents the highest
loading for the columns. A l-cm-diameter by 5-cm-long column similar to the
column described in Section 4.6.3 will be prepared and the solution loaded
upflow. )

The column will be loaded at about 16 column volumes per hour until the
volume necessary for the first contaminant to reach 50% breakthrough is
achieved. The volume at 50% breakthrough will be derived from the data
gathered in breakthrough tests described in Section 4.6.3. The column will
then be eluted, downflow, using 4M sodium chloride solution. The efficiency
of the eluant will be tested during the first elution by collecting eluate
samples and analyzing the samples for chromate, total chromium, uranium and
nitrate. The projected eluant volume is 1.5 to 2.5 column volumes (Rohm and
Haas 1990).
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Following elution, the column will be washed (downflow) with water and
prepared for the next load cycle. About 10 column volumes should be
sufficient (Rohm and Haas 1990). Qualitative checking for the presence of
chloride ion in the wash may be performed using siiver nitrate solution.

For each load cycle, effluent solution samples will be gathered at about
four or five points in the cycle. The samples will be analyzed for chromate,
total chromium, uranium, and nitrate. The load, elute, and wash cycle will be
repeated at least nine more times and the efficiency of the column for removal
of the three contaminants evaluated. At the Tast cycle, elution samples will
again be gathered and analyzed to retest the efficiency of the sodium chloride
eluant.

For the resins in gquestion (Dow Chemical Company and Rohm and Haas
Company), according to manufacturer claims, the resins are stable between
35 °F and 170 °F. The uranium remediation test (Hanson using Dow resin)
indicates that the resin has no noticeable change in operation between 35 °F
and 115 °F. Further, the Rohm and Haas Company claims that at the treatment
levels there should be no significant degradation of the resin. Also, Dow
Chemical Company reports that in uranium recovery mining operations, a resin
life of 8 to 10 years is expected. Dow Chemical Company did indicate that
with parts-per-billion levels of chromium, resin Tife may be shortened by 1 to
Z years due to oxidative dedgration of chromium. The physical properties of
the resin are effected (bead swell, pressure drop) rather than the chemical
properties.

The report will describe reagent amounts used, as well as
eluant/regenerant volumes required. This will provide the information
required for a cost analysis of the system. This information will be gathered
in the breakthrough tests for anion exchange and the batch and kinetic tests
for precipitation.
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APPENDIX A
SCHEDULE OF ACTIVITIES
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APPENDIX B
TREATMENT OF URANIUM-BEARING GROUNDWATERS WITH PHOSPHATE
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TO: Nsmve, (rganiinian, Iniarnesl Adgresst FROM: IMame, Orgamianon Inierndl AQdress, Fhoney
V. W. Ha _C. H. Delegard
_Waste Management Program Office ,Pu Process Oevelopment Unit
(R750E/20Q E | 234-3/200 W
. 3-3723

Suoiect: , 1TEatment of Uranium-Bearing Ground Waters with Phosphata

Discovery of high uranium concentrations (up to Q.7 g U/L or ~&3,000
pCi/L) in the unconfined aquifer underlying the 216-1-1/-2 cribs in the
Hanford 200 West Area in early 1985 has led to remedial action to remave
the uranium fram the ¢roundwatar. The remedial ac<<on “hat has been
taken is to pump the uranjum-bearing groundwater fram a well near the
center of the plume and pass the water through a bes of anion exchange
resin. The uranium, prasent as the triscarhonate urinyl anion, is scorbed
on the resin while the decontaminated groundwater is disposed to the
ground. The uranium is eluted from the resin bed 5v 2 ¥ ammonium nitrate
and is disposed to underground high-level waste sizragé tanks.

Since the object of the azbove remedial action is t3 decontaminata the
groundwater without concurrent uranjum recaovery, ctier possibly lTess-costly
methods may be considered. One method which may merit consideration is
carrier precipitation of the uranium using the minerz] brushite, CakPQ,.

Some experiments canducted early in the U-1/-2 investigations centarad on
varicus pracipitatian cechniques to remove uraniun from the grocungwater,
Gf the several metheds tested, which included pH ac;ustment using NaOH and
KOH and addition of cnemical reductants, addition s NaHpPO4 to2 the ground-
water was found to give the greatast decontaminaticn. Sufficient 1 M
NaH»P04 was added ta tnhe groundwater to make the rasulting solution —

0.071 ¥ in NaH,PQ4. Rezction of the NaH,PQq with the caleium ion present at
~0.017M in thé groundwater resulted in the orecipizationof the mineral
prushite, CaHPO4. In orecipitating, the brushite zirried down uranium

and reduced the uranium solution concentraticn 100C-7old to ~107% g/L

80 pCi/L), well nelow Table I7 Timits.

[f the uranium concantration can be reducad to less than Table II Timits For
solution pumped from the U-1/-2 plume by coprecipi:zation with brushite,
simple ground disposal of the ohosphate-treated suszensign may be feasible.
The uranfum trappeqd fin the brushite would %e filtarad by the Hanford
sediments and would be retained in a solid jnase we!l abave the watar tadie.

The decontaminated soiution could drain o the wazsr taple. The dispasition
of uranium in the sediment would be comparable %o <:e disposition of radicactive
stroantium or casium as currently practiced in Hanfzird low-leve! waste disposal
ta the ground.
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To demonstrate the feasibility of this approach, laboratory and field
experiments need to be conducted. The aims of the experiments would he:

1.

Oemanstrate in the laboratory that brushite precipitation will
decontaminate less-concentrated U-1/-2 solutions Lo below Tagle II
limits.

Qetermine the filterability of the brushite by Hanford sediments in
jab and field experiments.

Determine in lab and field tests the hydraulic permeability of the
sediments as a function of brushite loading to determine the size of
crib necessary to disposa the treated groundwater.

Befora undertaking Tab and field tests, however, an engireering feasinility
$Tudy must be conducted to answer the tollowing questions:

.

is return of the uranium to the ground, albeit in a non-mobile form,
acczgtable by current DOE and Wasnington State requlations; is it
acczptable pelitically.

If ground dispesal is not acceptagle, can filtration or other solids
removal techniques be appliied; wnat happens to the urinium-bearing salids.

How do the costs of phosphate traatment in its varijous options sompare
to the currently practiced ion axchange technique.

Please call if you have questions or would like to discuss this nrapasal
further,

C

(L

TH. Dele aE

Senigr Chemist

C4D:gi}

cs:

T. A. Lanewit
R. C. Routsan
?. Sloughter

t
W T
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APPENDIX C

URANIUM SOLUBILITY AND SORPTION ONTO HANFORD SEDIMENT IN
NEUTRALIZED UO3 PLANT PROCESS CONDENSATE
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D. M. Tulberg . C. H. Deiegard
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Suojest: . Uranfum Solusili4y and Sorztion onto Hanford Sediment in
Neutralized UCy Plant Prec2ss Condansate

-
Y
-

Refs: See attachec.

n*r -1

Process ¢andensates (UPC) discharged from the UO, Plant have been shown
oy U.3. Testing *o 5e¢ asseatially a afiric acid \HNG-) seciution contain=-
ing trace levels of s=afaless sieel corrosion producis (F=, Cr, NiJ,
Alsg present is uranium (1), wnose concentration Has receatly averaged
4000 oC1 per 11t lacorsximazaly 5 mg U per 1i% . “ne current

~
nractice of disocsa’ =7 -zi- ac,c c straam Lo the ;ed ments of the Z218-U-

17 crib requires aeuzralization to meel anvircamental dfscharge guicde-
1ines regarding oH. I the absence o7 a pH buifar, pH coniral of this
strong acid neutc~alizzTicn uncer plant cungitions s diFficuit.

Phosohate has been prosesad as a2 :otenEia? Suffaring agent since neutrai-
izaticon of the ifon H:JOE <3 yield HPO, T oczurs aT atout piH 7 (Weiss,
19867, Phosahate atse mav limis corcentra tions in <he neutraiizad and
dischargeqg UPC its rmeacgtion with calcium icn in <he ssediment +2 form
+the mi nera? brusn1~e ar° . Brushite orecipitaticn has seen snown
(Muller, 1984 and De’2zar .985; 3 cooracisitate or car~y down U from
dilyte soiutiens. S nal J cgncsntrations as Jow as 3,1 mg ser Ti<ar even
in <he jresence of 0.2lM ziciardena%2 have Heen attained fDezﬂga.d. 15857,
The presence of hign I2ncsntratiens of 2hosanate in Sisayth Phaspnats
srocess discharges a'so was pestulated o Timit the migration of Tour
tonnes of U in the Z13-U~L ana -2 cribs., This postuliazion was hased on
the discavery of “he 7ineral calcfum autinits, a cal¢iuym uranyl pnos-
pnate, high in the Z13-J-1,2 zrib sediment zzlumn (Detazard, 2% al.,
1986). The =2fiect c¢f znhosohasz on the soration of U 2nt2 Hantord
sadiments, however, R2s nct been studied in derail,

P
e
-
=z
&
1

Accordingiy, 2 reguesT was made (Tuib 1887) %o stuoy The zolupility
and sarotion of uranium onts Hantord sed ment in a simutatad KOH=-neytrati-
ized UPC as a fyncticn of oH and pnesohats addivtion. Zesarats soiunilixy
and saration a2xperiments were Jervarmed in our jabcratary T3 avaluyate
“*hese affects. The Te2sts Jerformed and the <t=2st resui<ts ars described
and aevalua<ted in This repors.

Summary _and Zangliugiong

The affegts of ahospaate 2¢diticon (0.004M snescheric 2cid) and pH (at
about oM 5, 7, 3.3, 3, .0 and 1L} onm zhe sofubility of uranium fn KCH=-
neytraiized simulatee UPC solution, and on the sorpticn o7 “he disscived

wr o
i
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uranium onty the Hanford sadiment, was studied. The simuiated UPC was
0.1M =NC, and 6.0 mg U (as U(VI) aitrate) per lfter. As expected, KQH
t{+rizicn experiments showed addition of phosphate helped Suffar the
selu=ica pH at about pH 7.

In %<~2 solubiji<y %esis, U-bearing soiids pregipitated uncer &all condi-
tions 2xcect for a pH 5 tes% having no added phesphate. 7he uranfum
phase “cund in pH 7, 8.5, 9, 10 and 1l *tests having no phcsahate was
fden<ified 3y X-ray diffractometry to be the mineral schoeonites,
U07’“" ;H,u. Uranfum solution goncentrations {n <the presanca of
schceciIa ranged from 107° <o 107'M (about 160 tc 16 5Ci U per Iiter),
With 2nasphate present, the pH 5, 7, 8.3, 9 and 10 *asts v 'ded srecip=-
tates identified as autunite (HG\UOZ),(POJ)z) and/ar potas; um au? unfte
(K7"’~)2(.4.)74. Uranfum seiution codcsatrations ranged “ram 1077 <o
ZxI0T71 Taccut 15 4o 0.4 aCi U per liter!, A% pH 11 with snosphats
presan=, schcenite and another, unidentiiied, phase wers Tezected,
Uranum soluzion conc2ntrasion fn this <est was about Ix107 'E_\:OO pCi U
ner Tizar),

o -~ DO I
DWW O kDD

Duy b

-zearing supernatant sojutiens from the soiubility tsstis were

<29 with Hanford sediment and <the sorztion of U antz The sediment
ined aftter one week's equilibration. Final U sojution Songcentra-
ind 3istribution coefficients (Kd's) wers svaluatad Tor fhese

. For zThe_%asts without phosphate addition, {inal U zZsncentrations
o feom 1077 2o 3xl0TTY (1600 %o 9.3 oCi U per li%ar! and Xd's ranged
amgut 13 4o 400 ml per gram. The pH of the suspensions defors

2= nad 3een adjusteq to range bdeiween I and ll. Bu“=-‘1g reactions
<ze szgiment reduced *he final oH range =2 7.7 40 3.7. For Zhe

sTs <¢'zh :hosonate addi<ien, fimal U concentrations ranged “rom 5xi07 =9
$0 3x137°YM {apout L %o 2.1 oCt U per litar! and K4's ranced from 5 ta
5QCG0 == ser gram. Buf:ﬂr‘ng reactions with “he sediment -2ducsd the pH
range “rom 3-11 o9 §.3-3.3.

18

= L Y |
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Zasac 2n <hese results, ohosghats addition <o the UPC {s -sccmmended.

The 1gzivicn of phospnate sugpliies a Huifering agent <o 2a7d 3H agjusthent
of =ne JPCT. The phosohate aiso reduces solubility~cantrai’ed U zsoncen-
==at‘za in 'ﬁe XCH=neutraiized UPT in the pH range of 5 %o L0 as compared
+o <se JPC without phosghate. Sorptieon and/or aragipitaticn reactions
with tne sagiment Turther serve o reduce U solution zoncanztrations, The
U soi:=ion concentraticns are iower Qver 1 broager oH range ‘n the
presenc2 of jhosgnate than without pnosphate.

Zxnerimanta’ Magariales and Mathods

Simyazad UPT was prepared using reagent-grace HNDQ and 330 7 1 per liter
urany. 11—r=-e s=ack. AReagent-grade shaspheric acid (H;70,) w2s added as
ragulrea. wa 5Tack sotuwions were pregarsd.  3Soth had 3.-0!_HNC1 and
5.3 =g J per li%ar, The 3hosphate-bearing stock solution 2iso c2ntained

4
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0.6040M H3P04. A pH titration of each stock solusion was rum using QM
KOH.

Cne~hundrad mL aliquots of the stock solutions wer2 measurad and =he 3H
values adjusted to approximately 5, 7, 8.5, 9, .2 anc¢ 1l using 1CM XCH
salution., The pH-adjusted solusions were set aside for 3-4 days and *hen
fiitered through 0.003 um pore sfize Amicon type TF3I0A jpalysulfone

ultrafi{iters. The pH's of the solutiens were me=sar=d and a sampie of
eacﬁ fi{ltrate set aside for U concentration anaivsis.

gllaw-calored solids were collected in the filzz-s for all solutions
exceot the pH 5 test having no added phosphats. The 35311ds were asresared
and sxamined by X-ray diffractometrv.

A sample of sadiment from <he 20«7oot deoth of well Z99-W1S-30 was
provided by the Invironmental zngineering Unit. This welil lies near <he
affected Z16-U-17 crib and is taken from :he sams deoth as <the UPC
aischarge pipe. The sadiment sample was appor=izned <o approximateiv 5-
gram sudbsamples using the cone and quarser fachr‘zue. The sudsamoies
were weighed into 50-miL poiycarbonate Oak Ridge ztvle centrifuge <ubes.
Thirty milliliters of pH=adJjustad UPT then werz :cded *2 sach sadiment
partion. Tr'p]icata experiments were prepared “:r each pH/phosohazz
condition. The scluticn and sediment samples wer~2 snaken briefly and *he
soiution pH reaqjusted with HNG. or KOH soiuticn =2 aoproximately <he
original solution pH. The soluTfon/sediment sussensions were capped
tightly, set on a reclprocal shaker and agitatac 17T abous L Hz, S=-ingh
amolisude, a<t rocm Tamperature.

7ier one week's contact, the agitation was stcered and the supernazant
sotutieas ultrafiltared and sampled for uranium s2ncantration. The on
vaiues of the suspensions were determined and recarded,
Uranfum concentrations were detarmined by laser “Tuorimetry by serscnne’
in the Research Suppors Group. X-ray diffraczicn anaiysas were pervaormed
by R. L. Wilson of The Analytical Chemistry Grouz. 3eth grougs are zars
af the Analytical Laporatory Department of Safaty and Quality Assurancs.

Repeul*s and DNiesmnesian

Titration resul<s of the simuTated UPC solutions «i<h XOH soiuticon are
presented in Tigure 1. As 2xpected, the UPC soiutien without addes
ohaeschata showed typical strong acid-strong asz zitration benaviar in
that transition through negtral oM (5 to @) oczurred #ith oniy minima)l
change in added Titrant. The UPC having added >nosonata, on =he ather
hand, shawed a 2f inflecticon of about H :A This infiec=ion zarrz2sponds
<o the bur‘er‘ng reaction of H7.Oi <o n.OJ . The relative zifrant
volume width of this Juv’ering region {s orosorTional to <he ratiq af <ie
cancantration of added phosphate So the <otal ssoncentration of acid in
<he UPC. Thus, the JufTaring region of the shescnate-searing UPT is

C"s R o , '_'/.- <y

ot



WHC-SD-EN-TC-003, Rev. 1

Bockwail
Intarmational

0. M. Tuiberg
Page 4
June 8, 1987

abous 2.004 (M_H3P04}/EO.OL (&_HN03) > 2x0.004 (M H3PO¢J1 or 4 perzent of
The +ctal titrant velume.

The anaiytical data and Kd values for <he varfous soludbitii4y and sorztion
experiments are presented in the tab'2. The uranium concantrasicn da<a
in the XCH-neutraifzed synthetic UPC sciutlons are presented 1n figure Z.
The tstal added uranlum concentraticn in these sclutions was & mg ser
Jiter or about 107 '7M, Howaver, pracisitation of U-hearing solids
oczurred in all test solutions excess the 2H 5 test haviag no added
phosghata. The solubil{ty=Timited U zsncentrations {n the tasts without
pnosphate were 107° <0 107/M ar abous 150 %o 16 pCi U per liter., With
phosabate prasant, U concentrations ware selubiiity-Timited <o the range
Ix107%Y (at pH 11) %0 a minfmum of Zx137°% (at pH 7) or z2:0us 50C %o

0.4 oCi U per ii%er.

X=ray di77raction anaivses of the 3¢’ ids showed schcepize (UC,ICH) 5 ZH,T)
<o %e Jresant fa the oH 7, 2,3 and 11 =25t3 naving no acced :ﬁosphéte.
The flat_solubility curve of schoepi<s yetween atout pH 2 ane 1l suggests
UO,{CH)-" is the disselvaed species {n =iis range. Cationic species such
as HJ0~ZHT pravail at lower pH. Ng svicencs of anifcnic scecies, as would
be shcwn by incrzasad solubiii{ty at -'zner pH, was found. Thess data
are in general agrasment with solubi’ "y and sdeciasion Ia%a for U as
reviewed by Krupka, 2t ai. (L1983) anz Ajiard (1982)., The saiuybility=-
Timized J concentrasions, however, 2-2 as much as 1000 <imes Tower than
gconcentratisns found in simfiar experimenis repaorsad by <{rupka, at al.
(13855,

Sinc2 <he sresent experiments were concducsed starting with acidic U

soluTians and LOM XCH, 1i%%%e carnona=z was expec<ad <o e 2rasent ia tThe
test soiutions, In the aresence of sui’icient cardenate, however,
scheeni=z {5 not expes=ad =0 form due <3 zarbgona=sa comolexatien of <he
uranfum,

Qiffraczion analyses of the soiids “irmed in the tests with pnhosohate
present showed autunita (Ha(U0,5),(PC, 0~ and/or potassium autunite
(K5(UC5) 2(POyl5) in the pH 3, 7,78.3 and 10 <ests whi'ts schoepi=tz and
ancther, unidentified, phase formed ia =he oH L1 <tast., Fatassium uranate
phases gave similar, buT not matching, X-ray diffraction 2atiaras

smoared 3 the unassigned d4iffractica jeaks Trom the oH L1 test.
Selubility 4ata for aytunitas are sgartz2 in the <tachnical Titsratura.
The roviews by Xrupka, st al. (1983) 2ng¢ Langmuir (1278) show 1ittle
{nfarmation avaflaocle on autunite sciusility at near-neytral 2H {mastT

data ars for pH ~L-d)., The present z2=z indica<e <That <he autunita(s)

con%tralied dissolved U concantrations 27 or bDelow the schoepits sotu-
81115y at oM's from at lTeast 5§ ta 10, Abgve o4 7, zomoiexing of she U oy
RPO,4*T <o farm soecies such as UO,(FPT,)-°7 zresumasly was responsidie
far incra2asing U concentrations. AT % 1L, when the auTunite s0iid pnase
gave way =g schoepite, further complexing mesuized in dissaived U
canczntrations nhicher than those feunc in the tests wi=housT pngsphats.
SRBEYLN.
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Serption <asis of %the filtared U~bearing UPC solytions with Hanfordg
sedimant ware conducted. The tes%t data are pressnted in the table,
Distribution cgefficient {Xd) values were calculated and are aiso gfven
th 4he -ahble. The pH vaiues of =he sediment/solution mixtures were
adjusted to approximateiyv <he original soiution pH, However, aftar the
one week contact, the zH's 2f the mixtures were bu--ernd t2 intermediate
values presumably by sec’ment-solutien reacticns. he pH changes which
oczurrad (presented in <ie <able) ranged from an 1ncrease of agout 3 pH
ynits (from pH ~5 +a 8) =3 a decreasa of about Z oM units (From pH ~ll to
S} for the Zests without zhesphata. The phasphate helped controi the
mixtures' pH's closer %o =he origfnal pH vaiues. Thus, the pH fncreased

.

only about 2 pH unfts {F=zm oH ~5 =@ 7) at the low pH end and decrsased

abeut 2 pH unfis at the =igh oH end for the tests with phosphata.

are the final U concentrizicns from the sarption experiments. The final

b

uranium congentration caTi are shown in Figure 2. The Kd vaives for the

while the U Kd's wers svz uatad ¢n these tesis, parhaos mere meaningfyl

~25+ts without phespnata 172 Jowest where the ‘nitial uranium concen-
~ratigns are hignest. A+t 1igher pH. where initial uranfum concenirations
are low, Xd's are high., The net effect, as shown in figure 3, Is that
final U eancenzmraticons {2 soiutfon For tests without phospnate are
extramely pH dependent. In contrast, whe final yranium soiutieon conc2n-
+razions far “he =egts wIN ahasphate are uniform and Tawer over the wide
pH range studied., The =s2scn Tor the low U concznirations Tor the
ohosphate <ests is not = ear, Heowever, the coprecipitation of uranium
with CaHPFJ, (brushite) “crmed from reacticn of snosphate with caiciym ion
presant {n the sedimentT s2ems <o pe “he mest Tikely axplanaticon of the
mechanism of uranfum remeval from the solution.
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